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Abstract 
The project called as the increasing production rate in the orbital TIG welding machine is subtitled under the design 
of the gyratory cantilever hanger for orbital TIG welding machine. The project reveals the complete analysis of 
Amendment of frame in orbital TIG welding machine. In orbital TIG welding process the number of welding joints 
produced per day can be increased by redesigning the welding machine hanger from stationary to rotary cantilever 
type. This welding machine cantilever hanger reduces the movement of the existing one, during loading and 
unloading operations, by eliminating the unnecessary moments of the hanger. It also avoids the disturbance caused 
by the workpiece, while loading and unloading, to the adjacent work pieces. With the help of this cantilever hanger 
we can able to produce more number of welding joints, thus the production rate of the tubular products can be 
increased. The number of joints produced can be further increased by changing the existing layout of the workshop. 
 
Keywords: Orbital TIG welding Machine, Filler rod Material, Rotary cantilever Frame. 
 
 
1. INTRODUCTION 
Welding in engineering any process in which two or 
more pieces of metal are joined together by the 
application of heat, pressure or application of both. 
Most of the process may be grouped into two main 
categories: pressure welding in which the weld is 
achieved by pressure and heat welding in which the 
weld is achieved by heat. With the development of 
new techniques during the first half of the 20th 
century, welding replaced bolting and riveting in the 
construction of many types of structures, including 
bridges. It is also a basic process in the automotive 
and aircraft industries and in the manufacture of 
machinery. Along with soldering and brazing, it is  
 
 
essential in the production of virtually every 
manufactured product involving metals 
The welding process best suited to joining two pieces 
of metal depends on the physical properties of the 
metals, the specific use to which they are applied, and 
the production facilities available. Welding process 
are generally classified according to the sources of 
heat and pressure used. The original pressure process 
was forge welding. Forge welding was practiced for 
centuries by blacksmiths and other artisans. The 
metals are brought to a suitable temperature in a 
furnace. The weld is achieved by hammering or other 
mechanical process. Forge welding is used rarely in 
modern manufacturing.  
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Figure: 1  Welding Process 
The welding process most commonly employed 
today include gas welding, arc welding, and 
resistance welding. Other joining process includes 
thermite welding, laser welding, and electron-beam 
welding 
1.1 Classification of welding  
There are two main types of welding process which 
are classified according to the sources of energy 
employed for heating the metals and the size of metal 
at the plate being welded.  
1.1.1. Fusion welding or Non-pressure welding  
1.1.2. Plastic welding or Pressure welding  
1.1.1. Fusion welding  
In fusion welding, the metal at the joint is heated to a 
molten state and then is allowed to solidify. Pressure 
is not applied during the welding process and hence it 
is called as Non-Pressure welding. Filler material 
may be required during this type of welding.  
1.1.2. Plastic welding  
In plastic welding, the metal parts are heated to a 
plastic state and are pressed together to make the 
joint. Hence it is also called as pressure welding. 
Here, there are no filler materials required. 
 
2.  WELDING PROCESS IN BHEL 
2.1 Arc welding  
Arc welding is the process of joining two metal 
pieces by welding their edges by an electric arc. In 
this process electrical energy is converted into heat 
energy. The arc is produced between an electrode and 
the work piece. The work piece is melted by the arc. 
2.2 Submerged arc welding  
Principle of Operation  
In submerged arc welding, the arc zone is submerged 
beneath the molten flux and hence there is no visible 
sign of the arc. Sufficient depth of flux process is this 
process completely shields the arc column and 
protects the weld pool from atmospheric 
contamination. As a result of this unique protection, 
the weld beads are smooth. The flux around the arc 
column melts undergoes thermo-chemical 
transformation and finally solidifies on the surface of 
weld metal as slag. Here the arc and tip of the wire 
are submerged beneath a layer of granular, fusible 
material formulated to produce a proper weld. This 
process is very efficient, but is generally only used 
with steels. 
2.3 Plasma arc welding  
Principle of Operation  
Plasma is a high temperature ionized gas. It is a 
mixture of neutral atoms, positively charged atoms 
and free elements. When the high temperature plasma 
passes through the orifice, the proportion of the 
ionized gas increases and plasma arc welding is 
formed.There are two types of plasma arc welding 
used practically. They are  
                   1 Transferred type  
                   2 Non-transferred type  
2.4 Gas tungsten arc welding  
Gas tungsten arc welding is also called as Tungsten 
Inert Gas Welding (TIG). In TIG welding arc is 
produced between a non – consumable tungsten 
electrode and the work piece. The inert gas from the 
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cylinder passes through the nozzle of the welding 
head around the electrode to protect the weld from 
the atmospheric effects. Filler metal may or may not 
be used. This process is used for welding steel, 
aluminium, cast iron, magnesium, stainless steel, 
copper based alloy and low alloy steel. 
2.5 Development in TIG welding  
TIG welding is a quality welding process associated 
with low welding speed and less metal deposition. 
There have been many developments in the TIG 
welding either to increase the welding speed or to 
improve the quality of welding and its reliability. 
They are  
i. Orbital TIG welding  
ii. Hot TIG welding  
iii. TIG spot welding  
iv. Magnetic arc control TIG welding  
v. Multi electrode TIG welding 
2.6 Orbital TIG welding  
Orbital TIG welding is a fusion type arc welding. It is 
a semi -automatic welding process. In which electric 
arc is produced between a non-consumable tungsten 
electrode and workpiece. It can able to weld the work 
piece through 360 about its axis and hence it is called 
as orbital TIG welding.  
Construction  
The Orbital TIG welding machine consists of four 
main parts. They are,  
i. Transformer unit  
ii. Weld head  
iii. Pendant drive  
iv. Clamping unit  
 
Figure: 2  Orbital TIG welding machine in BHEL 
Orbital welding is a specialized area of welding 
whereby the arc is rotated mechanically through 360° 
(180 degrees in a double up welding) around a static 
work piece, an object such as a pipe, in a continuous 
process. 
3. LITERATURE SURVEY 
3.1  Existing studies of orbital TIG welding           
machine 
The Orbital TIG welding is a fusion type arc welding. 
It is a semi -automatic welding process. In which 
electric arc is produced between a non-consumable 
tungsten electrode and workpiece. It can able to weld 
the work piece through 360 about its axis.  
According to the critical examination, the activities 
are subjected to series systematic and progressive 
series of questions which are primary and secondary 
questions from loading and unloading table, we 
identified that the time taken for loading and  
unloading operation is more because of unnecessary 
operations.  
During loading operations the hanger has to move to 
the extreme end to allow the work piece to be placed 
on the table and is brought back to the spot where the 
joint is to be made. While unloading also the hanger 
has to move to the extreme end. The table which is 
used for work piece seating is uneven in height, so its 
need to be corrected by the operator by inserting 
wedges and supporting stand.  
The major consideration of the work piece layout  
contains one column of tables which can 
accommodate only one work piece. It can have one 
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workpiece at a time at the work place. The operator 
has to wait until the hoist brings the next workpiece. 
The remaining space around the work place layout is 
not used effectively.  
A hoist is dedicated to ORBITAL TIG, but it needs 
only twenty minutes of usage for per work piece, the 
hoist is shared by the adjacent machine for the 
remaining time. So the operator has to wait for the 
hoist their need, since it is shared by the adjacent 
machine.  
These above factors play a vital role in the low 
production rate. Apart from the above reasons there 
are so many minor factors which lead to low 20 
production rate. They are frequent blend in tungsten, 
moisture content in the inert gas, improper 
maintenance of the  machine.    
3.2 Work measurements  
Work measurement is an application of techniques, 
designed to establish the time for a qualified worker 
to carry out the job at a definite level of performance 
3.3 Method study for exiting method selection  
The Orbital TIG welding process is taken for method 
study in our project.  
Record  
All the relevant process in orbital tig welding process 
such as loading time, work, preparation time, 
clamping time, welding time and unloading time are 
recorded by using the stop watch time study which is 
one of the work measurement techniques. The time 
taken for loading, edge preparation, welding process, 
unloading operations for a single work piece which is 
made of Stainless Steel (SS) and size is 54 × 4.5. 
During the welding process purging is carried out 
without preheating.   
3.4 Calculation of time required for welding a 
workpiece 
Total time taken for welding one work piece (TE)  
TE =Time Taken for (Loading+ Edge Preparation 
+Work piece setting + Welding +Unloading)  
TE = 15.0+2.61+1.28+60.0+13.91  
TE = 92.80 minutes. 
 Table: 1  Flow process chart for existing method 
3.5 Development  
From the critical examination, we have three main 
suggestions to improve the production rate.  
(1) The uneven height is altered to the same height by 
providing some projections at the bottom of the table 
with the help of welding.  
(2) The existing hanger which is used for hanging 
orbital tig welding machine and its accessories is 
modified to a rotary cantilever type in such as way 
that the hanger need not to be moved to the extreme 
end while loading and unloading.  It can rotate 180 
degrees about its axis. The design calculations and its 
three dimensional diagrams are explained in 
subsequent chapters.  
(3) The work place layout is modified to improve the 
production rate by placing the work tables around the 
rotary cantilever type hanger which will help to 
reduce the movement of the hanger. The modified 
hanger can move in the layout’s central column path. 
3.6. Design calculation – proposed design  
For the work study, we have designed a rotary 
cantilever frame for orbital TIG welding machine to 
reduce the non-value added time along with workers 
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fatigue based on our requirement for the proposed 
layout by using Creo1.0. The various design 
calculations are explained below. 
3.7 Design of horizontal beam  
Total load on horizontal beam = weight of machine + 
weight of accessories  
= 50 + 1250  
= 1300 N  
Maximum bending moment will be at fixed end  
Mb = 1300 x 2.50 x103  
= 3250 x 103N mm 31  
For low stressed part, CI steel is selected. 
3.8 Design of column  
Length of the beam = 1800 mm  
Axial compressive load = 350 KN  
For C45 material  
Allowable axial =125 N/mm2  
Compressive stress  
Area = load / stress  
         = 350000 / 125  
         = 3600 mm2 
3.9 Selection of bearing  
Shaft Diameter (d) = 100 mm  
Life in Hours (LH) = 8000 Hrs  
Speed of rotation = 15 rpm  
Life of bearing in million revolutions,  
L = (60NLh)/106  
L = 60 X 15 X 8000/106  
L = 7.2 million revolutions  
Mass of the Beam = 70kg 
The cylindrical thrust bearing is selected and it is 
safe. 
 
4. COMPARISON BETWEEN 
EXISTING AND PROPOSED 
METHOD 
4.1 Existing method  
Working hours per shift = 480 minutes  
Time spent on organization matter  
1) Enter daily work = 7 minutes  
2) Official discussion = 15 minutes  
Time spent for personal needs  
1) Tea time (twice) = 20 minutes  
2) Lunch = 30 minutes  
3) Personal allowances (5%) = 24 minutes  
4) Fatigue allowances (5%) = 24 minutes  
Total = 120 minutes  
Net working time per shift = 480-120  
Net working time per shift (T) = 360 minutes  
Total no. of joints welded = (T/TP)*No of joints per 
work piece  
= (360/92.80)*4  
= 3.8*4  
= 15.2  
Total No. of joints Welded = 15 
4.2 Proposed method  
Working hours per shift = 480 minutes  
Time Spent For Organization Matter  
1) Enter daily work = 7 minutes  
2) Official discussion = 15 minutes  
Time Spent For Personal Needs  
1) Tea time (twice) = 20 minutes  
2) Lunch = 30 minutes  
3) Personal allowances (5%) = 24 minutes  
4) Fatigue allowances (5%) = 24 minutes  
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Total = 120 minutes  
Net working time per shift = 480-120  
Net working time per shift (T) = 360 minutes  
Total no. of joints welded = (T/TP)*No of joints per 
work piece = (360/60)*4  
Total no. of joints welded = 24 
5. CONCLUSION 
The work study for orbital TIG welding in the bay 6 
of 50 buildings (Boiler production/Tabular products) 
are presented. From the work study, non value added 
times were found. To eliminate non value added time 
we have designed rotary cantilever frame to hang the 
welding machine and its accessories and also the 
workshop layout is modified. From our proposed 
design and workshop layout, we can load the 
workpiece in one table while the welding operation 
can be carried out simultaneously in another table by 
parallel processing.  
The number of welded joints has increased from 15 
to 24 which lead to increase the production rate. The 
number of joints produced per year by existing 
method can be completed within 8 months in our 
method. Thereby, the considerable labor cost per 
piece is reduced and the sufficient time available can 
be utilized for more production. 
References 
[1] AWS Welding Handbook, 8th ed., Vol. 
2.1991. Miami, Fla.: American Welding 
Society. 
[2] Kotecki, D. J., Cheever, D. L., and How-den, 
D. G. 1972. Mechanism of ripple formation 
during weld solidification. Welding Journal 
51(8):386-s to 391-s. 
[3] Renwick, R. J., and Richardson, R. W. 1983. 
Experimental investigation of GTA weld pool 
os- cillation.Welding Journal 62(2): 29-s to 
35-s. 
[4] Zacksenhouse, M., and Hardt, D. E. 
1984.Weld pool impedance identification for 
size measurement and control. ASME Journal 
of Dynamic Systems, Measurement, and 
ControlVo l .105, pp. 179–184. 
[5] Xiao, Y. H., and den Ouden, G. 1993. Weld 
pool oscillation during GTA welding of mild 
steel.Welding Journal 72(8): 428-s to 434-s. 
[6] Anedenroomer, A.J.R., and den Ouden,G. 
1998. Weld pool oscillation as a tool for pene 
tration sensing during pulsed GTA welding. 
Welding Journal 77(5): 181-s to 187-s. 
 
